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Laser Spectroscopy 

• Hyperfine spectra can be 

examined by scanning the 

atomic transitions of an 

isotope with a laser. 

 

• The extracted parameters 

can be related to 

fundamental nuclear 

properties of the isotope. 
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CRIS, CERN-ISOLDE 

K.M. Lynch et al, Phys Rev X, 4, 010055 (2014) 
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• Near-degenerate states 

can be de-tangled using 

laser-assisted nuclear 

decay spectroscopy. 
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𝐠𝐞𝐦𝐩 =
𝟏

𝟐
𝒈𝒑 + 𝒈𝒏 + 𝒈𝒑 − 𝒈𝒏

𝒋𝒑 𝒋𝒑 + 𝟏  − 𝒋𝒏 𝒋𝒏 + 𝟏

𝑰 𝑰 + 𝟏
 

G. Neyens, Rep. Prog. Phys., 66, 663 (2003) 

• g-factor values are 

consistent with the 

additivity rule above. 

 

• gemp values are 

calculated using 

magnetic moments of 

isotopes near to those 

being measured. 
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• 3+ and 7+ states 

exhibit spherical-like 

behaviour (in 

accordance with the 

Pb chain). 

 

• However, the 10- 

states are deformed. 

Evidence of shape coexistence! 



IS471: N = 126 shell closure 

• The behaviour of these 

isotopes are dependent 

on their proximity to the 

N = 126 shell closure. 

 

• In particular, the kink in 

the mean-square 

charge-radii values 

cannot be fully 

explained. 
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IS471: N = 126 shell closure 

• As with 206Fr,  g-factor 

values for 214Fr are 

consistent with the 

additivity relation. 

 

• Suggests a tentative 

spin assignment of (1-). 
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IS471: N = 126 shell closure 

• As the N = 126 shell 

closure is crossed, a 

kink is seen in the 

charge-radii values, 

depicted by gradient 

increase. 

16/20 G.J. Farooq-Smith et al, In Preparation, Phys Rev C (2015) 



IS471: N = 126 shell closure 

17/20 



IS471: N = 126 shell closure 

18/20 



IS471: N = 126 shell closure 

19/20 



Summary 

• Recent work on francium isotopes at the CRIS setup have 

revealed a variety of nuclear features, analogous to that 

exhibited in other isotope chains. 

 

• Work on 204,206Fr revealed existence of shape coexistence in 

the neutron-deficient isotopes. 

 

• A kink in the charge-radii value is seen in 214Fr past the N = 

126 shell closure, however more work needs to be done to 

interpret this mechanism. 
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